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1
ENHANCING PERFORMANCE OF
EXTRACT, TRANSFORM, AND LOAD (ETL)
JOBS

BACKGROUND

1. Field of the Invention

The present invention relates generally to enhancing
performance of an extract, transform, and load (ETL) job,
and more particularly to accelerating read stages and write
stages of the ETL job utilizing a computer program config-
ured to interact with a field-programmable gate array having
data compression and data decompression functionality.

2. Description of the Related Art

An ETL job consists of database operations that extract
data from various data sources, processes the data, and
stores the data at a target location such as a centralized data
repository. Particularly, the ETL job includes a sequence of
database operations, and each of the operations can be
referred to as a stage. The ETL job can have bottlenecks that
occur as a result of data processing being performed by the
ETL job. Specifically, bottlenecks can occur in response to
the ETL job reading data from a file during a read stage,
because a subsequent stage that needs to process the data
(e.g., perform a computation on the data) may need to wait
for the data to be read by the read stage. In addition,
bottlenecks can occur in response to the ETL job reading
data from a file during the read stage, because the read stage
may have to wait for a previous write stage to write the data
to the file. Bottlenecks within an ETL job can reduce the
overall performance of the ETL job. Thus, the challenge of
enhancing performance of an ETL job by minimizing the
impact of bottlenecks within the ETL job continues to
persist.

SUMMARY

Aspects of an embodiment of the present invention dis-
close a method, computer system, and program product for
accelerating a read stage and a write stage of an extract,
transform, and load job. A computer receives one or more
files having configuration information that includes data that
defines a plurality of stages of at least one extract, transform,
and load (ETL) job, wherein the plurality of stages comprise
a read stage that is preceded by a write stage, and wherein
the read stage reads data from a source location, and wherein
the data that is read or a modified version of the data that is
read is being written by the write stage that writes data to the
source location. The computer identifies the read stage and
the write stage within the one or more files, wherein the read
stage and write stage each have a first parameter that
represents a name of a stage, and wherein the first parameter
is associated with a second parameter that represents a type
of stage. The computer replaces the read stage with a
decompressor stage that reads data from a hard disk, decom-
presses the data from the hard disk and passes the data that
is decompressed to another stage or to a computer program
for further processing, wherein the decompressor stage is
configured to be executed on a field-programmable gate
array (FPGA). The computer replaces the write stage with a
compressor stage that compresses the data, and writes the
data to a hard disk, wherein the compressor stage is con-
figured to be executed on the FPGA. The computer executes
the decompressor stage and the compressor stage on the
FPGA.
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2
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The subject matter which is regarded as an embodiment of
the present invention is particularly pointed out and dis-
tinctly claimed in the claims at the conclusion of the
specification. One manner in which recited features of an
embodiment of the present invention can be understood is by
reference to the following detailed description of embodi-
ments, taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a block diagram of a system having a computer
that is utilizing computer program code that includes a job
optimizer program module, a job sequencer program mod-
ule, and a job executor program module, wherein the job
executor program module is configured to interact with a
field-programmable gate array (FPGA) having data com-
pression and data decompression functionality according to
an embodiment of the present invention.

FIG. 2 is a block diagram illustrating an example of an
extract, transform, and load (ETL) job having two write
stages, followed by two read stages, and followed by another
write stage according to an embodiment of the present
invention.

FIG. 3 is a block diagram illustrating a modified version
of the ETL job of FIG. 2 wherein the two read stages are
each replaced with a decompressor stage, and the three write
stages are each replaced with a compressor stage in order to
enhance the performance of the ETL job according to an
embodiment of the present invention.

FIGS. 4A-4C are block diagrams illustrating a job
sequence, a first ETL job, and a second ETL job according
to an embodiment of the present invention.

FIG. 5 is a diagram illustrating a specific format of a file
having configuration information, wherein the configuration
information includes data having parameters that define each
stage of an ETL job, and wherein the file can be used by the
computer program code to identify stages of the ETL job to
replace according to an embodiment of the present inven-
tion.

FIG. 6 is a flowchart illustrating operations of the com-
puter program code replacing a read stage and write stage of
an ETL job with a compressor stage and a decompressor
stage, respectively, and utilizing the FPGA of FIG. 1 to
execute the decompressor stage and the compressor stage
according to an embodiment of the present invention.

FIG. 7 is a block diagram depicting, in more detail,
internal and external components of the computer of FIG. 1
according to an embodiment of the present invention.

DETAILED DESCRIPTION

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in
one or more computer readable medium(s) having computer
readable program code embodied thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
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readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wireline, optical fiber cable,
RF, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any
combination of one or more programming languages,
including an object oriented programming language such as
JAVA, Smalltalk, C++ or the like, conventional procedural
programming languages such as the “C” programming lan-
guage, a hardware description language such as VERILOG,
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection
may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

Aspects of the present invention are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block dia-
gram block or blocks.
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These computer program instructions may also be stored
in a computer readable medium that can direct a computer,
other programmable data processing apparatus, or other
devices to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
implement the function/act specified in the flowchart and/or
block diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in
the flowchart and/or block diagram block or blocks.

Exemplary embodiments now will be described more
fully herein with reference to the accompanying drawings.
This disclosure may, however, be embodied in many differ-
ent forms and should not be construed as limited to the
exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of this disclosure to those skilled in the art. In the
description, details of well-known features and techniques
may be omitted to avoid unnecessarily obscuring the pre-
sented embodiments.

Embodiments of the present invention provide computer
program code configured to interact with a field-program-
mable gate array (FPGA) having data compression and data
decompression functionality, which can enhance the perfor-
mance of an extract, transform, and load (ETL) job. The
computer program code identifies a read stage and a write
stage of the ETL job, wherein the read stage is reading data
being written by a previous write stage. Specifically, the read
stage performs a read operation to read data from a source
location, and the write stage performs a write operation to
write data to a target location, wherein the target location of
the write stage may be the source location of the read stage.
Subsequent to identifying a read stage that is reading data
being written by a previous write stage of the ETL job, as
mentioned above, the computer program code replaces the
read stage and the write stage with a decompressor stage and
a compressor stage, respectively. The compressor stage
includes operations to read data, buffer the data, compress
the data, and write the data to a hard disk. The decompressor
stage includes operations to read the data from the hard disk
and decompress the data (e.g., decompress the data into a set
of rows within a database table or a file). Also, the decom-
pressor stage includes operations to pass the data that is
decompressed to another stage of the same ETL job or any
other computer program code for further processing.

Moreover, the decompressor stage and compressor stage
are configured to be executed by utilizing the FPGA, which
can enhance the performance of the ETL job. Specifically,
configurations associated with the decompressor stage
include setting parameters that define the decompressor
stage, to allow execution of the decompressor stage using
the FPGA. In addition, configurations associated with the
compressor stage include setting parameters that define the
compressor stage to allow execution of the compressor stage
using the FPGA. In response to the computer program code
identifying the parameters that define the decompressor
stage and the compressor stage, the computer program code
generates instructions (i.e., additional computer program
code) that can execute the decompressor stage and/or a
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compressor stage on the FPGA. The parameters within the
decompressor stage and the compressor stage can be set by
a system programmer/administrator via a graphical user
interface of the computer program code.

FIG. 1 illustrates system 100 that includes computer 105.
In the disclosed embodiment, computer 105 executes com-
puter program code that includes job optimizer program
module 125 and job sequencer program module 130. Job
sequencer program module 130 includes graphical user
interface (GUI) 132 and job executor program module 135.
In other embodiments, job optimizer program module 125,
job sequencer program module 130, and job executor pro-
gram module 135 can be designed as a single software
application (i.e., computer program code) having program
modules that execute within system 100 on one or more
computers. Thus, not all program modules may be on a
single computer. In addition, computer 105 includes internal
components 800a, wherein 800a¢ includes one or more
processors 108 and FPGA 110 having compression and
decompression interface 115, as described below in more
detail with respect to FIG. 7.

In the disclosed embodiment, FPGA 110 having compres-
sion and decompression interface 115 can interact with job
executor program module 135 to execute compression
operations and/or decompression operations of an ETL job,
on data processed by the ETL job. Specifically, the com-
pression operations and/or decompression operations on the
data processed by the ETL job can be executed utilizing
hardware resources of FPGA 110, wherein the hardware
resources (i.e., hardware logic structures) of FPGA 110 are
programmatically customized to perform data compression
and data decompression to enhance the performance of the
ETL job. Specifically, the programmatic customizations on
FPGA 110 can include configuring connections between
hardware logic gates of FPGA 110 to provide optimal
performance for compression and decompression of data
processed by the ETL job. A variety of compression algo-
rithms may be used by FPGA 110 to achieve a suitable data
compression ratio, because generally compression and
decompression algorithms implemented on FPGA 110 per-
form at a superior level than when implemented on one or
more processors 108. Some examples of compression and
decompression algorithms that may be utilized by FPGA 110
include Huffman coding, LZ77, 1.Z78, or variations thereof.
Accordingly, based on the programmatic customizations on
FPGA 110 and by utilizing the compression and decompres-
sion algorithms mentioned above, compression and decom-
pression of data can be performed faster on FPGA 110 than
on one or more processors 108.

Furthermore, the ETL job or even a sequence of ETL jobs
referred to as a job sequence, can process data (i.e., perform
operations on data), and can be configured by an end-user
via GUI 132 of job sequencer program module 130. Par-
ticularly, in the disclosed embodiment, the ETL job can be
configured by utilizing GUI 132 of job sequencer program
module 130 to add various stages to the ETL job, wherein
each stage has a stage name associated with a stage type in
which one or more data operations associated with the stage
type may be performed during each of the stages. Thus,
stage type is a parameter that can be used to define the type
of data operations performed by a particular stage. Specifi-
cally, the stages of the ETL job can include a read stage
having a read stage type that is associated with data read
operations, and a write stage having a write stage type that
is associated with data write operations. The stages of the
ETL job can also include a join stage having a join stage type
that is associated with database join operations, an extract
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6

stage having an extract stage type that is associated with
database extract operations, and a compute stage having a
compute stage type that is associated with data compute
operations and data comparison operations.

The data read operations can read data from a source
location, the data write operations can write data to a target
location, the join operations can combine two or more
database tables in a database into a single table, the extract
operations can extract data from a database table, the com-
pute operations can perform one or more mathematical
calculations (e.g., addition, subtraction, multiplication, and
division) on the data extracted from the database table, and
the comparison operations can perform comparisons
between the data extracted from the database table. More-
over, other stage types include a compressor stage type that
is associated with data compression operations, and a
decompressor stage type that is associated with data decom-
pression operations.

In addition, GUI 132 of job sequencer program module
130 allows the end-user to not only perform configurations
to add various stages to the ETL job, but also to delete or
modify one or more stages of the ETL job. The modifica-
tions can include setting various parameters that define the
stages and are needed for executing the ETL job, configuring
computational logic in scenarios where the ETL job includes
computations with data, enabling functionality for trans-
forming data that is read and/or written in scenarios where
the ETL job includes a read and/or write stage, and enabling
functionality for updating the join tables or join keys in
scenarios where the ETL job includes a join stage. In
addition, the end-user can also utilize GUI 132 of job
sequencer program module 130 to configure the ETL job to
interact with either one or more other ETL jobs, a computer
program, or a computer hardware device (e.g., FPGA 110)
for purposes of data processing. The data processing can
include data compression and/or data decompression to
enhance performance of the ETL job.

In response to the end-user utilizing GUI 132 of job
sequencer program module 130 to configure the ETL job,
job sequencer program module 130 can generate a file
having configuration information. The configuration infor-
mation includes data in the file that defines each stage of the
ETL job. Each stage has a stage name associated with a stage
type, wherein the stage name and the stage type are defined
by the data in the file. Moreover, the data in the file that
defines each stage is in a specific format expected by job
executor program module 135, wherein the specific format
can allow job optimizer program module 125 to efficiently
parse the file. An example of the specific format of the file
having configuration information is described below in more
detail with respect to FIG. 5.

Subsequent to job sequencer program module 130 gen-
erating the file having configuration information, job opti-
mizer program module 125 can parse the file to identify an
ETL job having a read stage (i.e., identify an ETL job stage
having a stage type equal to read) that is reading data being
written by a previous write stage (i.e., identify an ETL job
stage having a stage type equal to write), replace the write
stage with a compressor stage having the compressor stage
type, and replace the read stage with a decompressor stage
having the decompressor stage type. A compressor stage
includes operations to read data, buffer the data, compress
the data, and write the data to a hard disk. A decompressor
stage includes operations to read data from the hard disk and
decompress the data (e.g., decompress the data into a set of
rows of a database table and/or file).
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Furthermore, job executor program module 135 includes
instructions that can execute a compressor stage and/or a
decompressor stage on FPGA 110. Particularly, job
sequencer program module 130 can call job executor pro-
gram module 135 to execute an ETL job that was configured
by the end-user via GUI 132. Job executor program module
135 includes computer program code that can identify in the
file generated by job sequencer program module 130 a stage
having a stage type, and determine whether to execute the
stage on one or more processors 108 or on FPGA 110, based
on the stage type. Most stages within an ETL job are
executed on one or more processors 108. However, if job
executor program module 135 identifies a compressor stage
and/or a decompressor stage within the ETL job then job
executor program module 135 executes the identified com-
pressor stage and/or decompressor stage on FPGA 110,
because FPGA 110 can compress and decompress data
processed by the ETL job faster than one or more processors
108. Accordingly, compressor stages and decompressor
stages of'an ETL job are executed on FPGA 110, but all other
stages of the ETL job can be executed on one or more
processors 108.

FIG. 2 is a block diagram illustrating an example of ETL
job 200 having multiple stages. Specifically, ETL job 200
includes the following stages: write_student_names 202,
write_student_marks 203, read_student_names 205, read_
student_marks 206, join_on_roll_number 207, extract_first_
name 208, compute_total_marks 209, calculate_percentage
210, filter_passed_students 211, and write_passed_students
212. The stages write_student_names 202 and write_stu-
dent_marks 203 are stages that have a write stage type, and
write data to a target location (e.g., a file on a hard disk)
wherein the target location is the source location for subse-
quent stages read_student_names 205 and read_student_
marks 206. In the disclosed embodiment, stages write_stu-
dent_names 202 and write_student_marks 203 are writing
data being read by stages read_student_names 205 and
read_student_marks 206 within the same ETL job 200, and
data processed by these stages may be transferred via hard
disk or TCP/IP. If data is transferred through hard disk, then
read and write stages may be replaced as described below in
more detail with respect to FIG. 3. In other embodiments,
stages write_student_names 202 and write_student_marks
203 may even be in a different ETL job than stages read_
student_names 205 and read_student_marks 206, and if data
processed by these stages are transferred through hard disk
then read and write stages may still be replaced as described
below in more detail with respect to FIG. 3.

Moreover, the stages read_student_names 205 and read_
student_marks 206 are read stages that have a read stage
type, and read data from various source locations. The stage
join_on_roll_number 207 is a join stage that has a join stage
type, and combines data from the various source locations
into a single database table. The stage extract_first_name
208 is an extract stage that has an extract stage type, and
extracts first names from the database table. The stages
compute_total_marks 209, calculate_percentage 210, and
filter_passed_students 211 are compute stages that have a
compute stage type, and perform mathematical calculations
and/or comparisons utilizing data from the database table.
The stage write_passed_students 212 is a write stage that has
a write stage type, and writes data to a target location
wherein the target location may be one of the source
locations for a subsequent stage in the same ETL job 200 or
for a stage in a subsequent job in a job sequence.

Furthermore, stages write_student_names 202 and writ-
e_student_marks 203 that each write data to the target
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location, and read_student_names 205 and read_student_
marks 206 that each read the data from the target location
can reduce performance of ETL job 200, because the stage
join_on_roll_number 207 and subsequent stages up to and
including filter_passed_students 211 are processing stages
that are typically faster than 1/O stages but may have to wait
for the I/O stages (i.e., write_student_names 202, write_stu-
dent_marks 203, read_student_names 205, and read_stu-
dent_marks 206) to finish. Thus, to enhance the overall
performance of ETL job 200, write_student_names 202 and
write_student_marks 203 can each be replaced with a com-
pressor stage, read_student_names 205 and read_student_
marks 206 can each be replaced with a decompressor stage,
and even write_passed_students 212 can be replaced with a
compressor stage as described below in more detail with
respect to FIG. 3. Specifically, a read stage and a write stage
are replaced with a decompressor stage and a compressor
stage respectively, if the read stage is reading data from a file
(e.g., . . . /tmp/filel) wherein the data is being written to the
same file by a previous write stage.

FIG. 3 is a block diagram illustrating ETL job 300, which
is a modified version of ETL job 200, wherein the two read
stages of ETL job 200 are each replaced with a decompres-
sor stage, and wherein the three write stages of ETL job 200
are each replaced with a compressor stage in order to
enhance the performance of the ETL job 200. Specifically,
ETL job 300 includes the following stages: compress_stu-
dent_names 302 (i.e., a compressor stage) which replaces
write_student_names 202, compress_student_marks 303
(i.e., a compressor stage) which replaces write_student_
marks 203, decompress_student_names 305 (i.e., a decom-
pressor stage) which replaces read_student_names 205,
decompress_student_marks 306 (i.e., a decompressor stage)
which replaces read_student_marks 206, join_on_roll_num-
ber 207, extract_first_name 208, compute_total_marks 209,
calculate_percentage 210, filter_passed_students 211, and
compress_passed_students 312 (i.e., a compressor stage)
which replaces write_passed_students 212. Particularly, in
the disclosed embodiment, write_passed_students 212 is
replaced with compress_passed_students 312, because
write_passed_students 212 is writing data being read by a
subsequent stage (not shown).

Thus, ETL job 300 can have enhanced performance
compared to ETL job 200, because ETL job 300 is reading
compressed data from a hard disk utilizing decompress_stu-
dent_names 305 and decompress_student_marks 306, which
is less than the amount of data to be read if the data were not
compressed. Moreover, any additional performance cost due
to ETL job 300 having to compress data utilizing write_
passed_students 212 or having to decompress data utilizing
decompress_student_names 305 and decompress_student_
marks 306 is negligible, because decompressor stages and
compressor stages can execute faster on FPGA 110 com-
pared to former read stages (i.e., read_student_names 205
and read_student_marks 206) and write stage (i.e., write_
passed_students 212) that execute on processors 108.

FIGS. 4A-4C are block diagrams further illustrating a job
sequence 400, a first ETL job 410, and a second ETL job
411, wherein the overall performance of first ETL job 410
and/or a second ETL job 411 can be reduced as a result of
bottlenecks. In the disclosed embodiment, job sequence 400
has N number of ETL jobs including first ETL job 410,
second ETL job 411, . . ., and ETL job 415, wherein N
ranges from one up to about one-hundred. However, in other
embodiments the number of ETL jobs may be even greater
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than one-hundred. First ETL job 410 includes M number of
stages 410a-410d, and second ETL job 411 includes P
number of stages 411a-411d. The number of stages M and P
can range from one up to about one-hundred. However, in
other embodiments the number of stages may be even
greater than one-hundred.

The performance of ETL job 410 can be reduced as a
result of a bottleneck caused by data being written by a stage
of ETL job 410, wherein the same or a modified of the data
needs to be read by a subsequent stage within ETL job 410
or a subsequent stage within ETL job 411. For example, in
the disclosed embodiment stage 410aq is a write stage within
ETL job 410 that is writing data to a file (e.g., . . . /tmp/file2),
wherein a subsequent stage 410c¢ within the same ETL job
410 and/or a subsequent stage 411a within ETL job 411 are
reading the data from the same file (e.g., . . . /tmp/file2)
which is a bottleneck. As a result, to improve overall
performance of ETL jobs 410 and 411, stages 410a, 410c
and/or 411a are replaced. Specifically, write stage 410q is
replaced with a compressor stage, and read stages 410c
and/or 41 la are each replaced with a decompressor stage.
However, in another embodiment, if stage 410q is writing to
a different file than that being read by stages 410¢ and 411a,
then stages 410a, 410c¢, and 411a are not replaced. In still
another embodiment, if stage 410a is reading data from a file
(e.g., ... /tmp/file3), wherein a subsequent stage 410c¢ and/or
a subsequent stage 411a are writing data to the same file
(e.g., ... /tmp/file3) then stages 410a, 410¢, and 411a are not
replaced with compressor stages or decompressor stages.

FIG. 5 is a diagram illustrating a specific format of file
500 having configuration information mentioned above in
regard to FIG. 1, wherein the configuration information
includes data having parameters that define each stage of an
ETL job, and wherein file 500 can be parsed by job opti-
mizer program module 125 to identify stages of the ETL job
to replace. In the disclosed embodiment, for each stage the
specific format is parameter stage_name 502, followed by
parameter stage_type 503, and followed by parameter stage_
details 504. Thus, each stage of the ETL job is defined using
the specific format, wherein the parameter stage_name 502
is associated with parameter stage_type 503. The parameter
stage_name 502 represents a name of a stage of the ETL job,
and the parameter stage_type 503 is utilized to indicate the
type of operations that are performed by the stage of the ETL
job. The parameter stage_details 504 can vary for each stage.
Specifically, in the disclosed embodiment, for a read stage or
write stage the parameter stage_ details 504 is a delimited
list (e.g., a comma delimited list) of filenames used by read
stages and write stages to respectively read from and write
to a file named in the delimited list. The comma delimited
list of filenames can be followed by additional stage infor-
mation, based on the end-user’s needs and/or custom design
requirements for defining and executing a stage of the ETL
job. Moreover, each of the parameters stage_name 502,
stage_type 503, and stage_details 504 are configurable by
the end-user via GUI 132. Furthermore, in other embodi-
ments, the specific format of file 500 may have a different
ordering of parameters stage_name 502, stage_type 503, and
stage_details 504 than the ordering mentioned above. Also,
file 500 may include additional parameters for defining a
stage of the ETL job, based on design requirements.

FIG. 6 is a flowchart illustrating operations of computer
program code replacing a read stage and write stage of an
ETL job with a compressor stage and a decompressor stage,
respectively, and utilizing FPGA 110 to execute the decom-
pressor stage and the compressor stage. Specifically, the
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computer program code includes job optimizer program
module 125 that can parse the file 500 and replace a read
stage and write stage of the ETL job with a decompressor
stage and a compressor stage, respectively. In addition, job
optimizer program module 125 can interact with job execu-
tor program module 135 that utilizes FPGA 110 to execute
the decompressor stage and the compressor stage. As men-
tioned above, the decompressor stage includes operations to
read data from a hard disk and decompress the data into a set
of rows of a database table and/or file. In addition, the
decompressor stage further includes operations to send the
data (i.e., pass the set of rows) to: another stage of the same
ETL job, another stage of a different ETL job, job executor
program module 135, or any other computer program code
for further processing. The compressor stage and the decom-
pressor stage can enhance the performance of the ETL job by
executing on FPGA 110 having compression and decom-
pression functionality.

In the disclosed embodiment job optimizer program mod-
ule 125 receives an ETL job (block 600). Next, job optimizer
program module 125 identifies each read stage and each
write stage within the ETL job (block 605), and determines
whether the ETL job has at least one read stage that is
reading data being written by at least one previous write
stage (decision block 610). If job optimizer program module
125 determines that the ETL job does not have at least one
read stage that is reading data being written by a previous
write stage (the “NO” branch of decision block 610), then
job sequencer program module 130 calls job executor pro-
gram module 135 to execute the stages of the ETL job by
utilizing one or more processors 108 (block 615). After all
stages of the ETL job are executed, further processing by job
executor program module 135 ends.

However, if job optimizer program module 125 deter-
mines that the ETL job has at least one read stage that is
reading data being written by at least one previous write
stage (the “YES” branch of decision block 610), then job
sequencer program module 130 calls job optimizer program
module 125 to modify the ETL job by replacing each read
stage of the ETL job with a decompressor stage and each
write stage of the ETL job with a compressor stage (block
620). Subsequently, job executor program module 135
executes each decompressor stage and each compressor
stage of the ETL job by utilizing FPGA 110, but all other
stages of the ETL job by utilizing one or more processors
108 (block 625). After all stages of the ETL job are executed,
further processing by job executor program module 135
ends.

FIG. 7 is a block diagram depicting a set of internal
components 800a and a set of external components 900a
that correspond to computer 105. Internal components 800a
include one or more processors 108, one or more computer-
readable RAMs 822, one or more computer-readable ROMs
824, and at least one FPGA 110 on one or more buses 826.
Internal components 800a further include one or more
operating systems 828 and one or more computer-readable
tangible storage devices 830. The one or more operating
systems 828, computer program code for job optimizer
program module 125, and computer program code for job
sequencer program module 130 that includes GUI 132 and
job executor program module 135 are stored on one or more
of'the respective computer-readable tangible storage devices
830 for execution by one or more of the respective proces-
sors 108 via one or more of the respective RAMs 822 (which
typically include cache memory). In the embodiment illus-
trated in FIG. 6, each of the computer-readable tangible
storage devices 830 is a magnetic disk storage device of an



US 9,542,461 B2

11

internal hard drive. Alternatively, each of the computer-
readable tangible storage devices 830 is a semiconductor
storage device such as ROM 824, EPROM, flash memory or
any other computer-readable tangible storage device that can
store a computer program and digital information.

The set of internal components 800q includes a R/W drive
or interface 832 to read from and write to one or more
portable computer-readable tangible storage devices 936
such as CD-ROM, DVD, memory stick, magnetic tape,
magnetic disk, optical disk or semiconductor storage device.
Computer program code for job optimizer program module
125, and for job sequencer program module 130 that
includes GUI 132 and job executor program module 135 can
be stored on one or more of the respective portable com-
puter-readable tangible storage devices 936, read via the
respective R/W drive or interface 832 and loaded into the
respective computer-readable tangible storage devices 830.

Furthermore, the set of internal components 800a also
includes a network adapter or interface 836 such as TCP/IP
adapter card, wireless wi-fi interface card, or 3G or 4G
wireless interface card or other wired or wireless commu-
nication link. Computer program code for job optimizer
program module 125, and for job sequencer program mod-
ule 130 that includes GUI 132 and job executor program
module 135 can be downloaded to respective computer 105
from an external computer or external storage device via a
network (for example, the Internet, a LAN, or a WAN) and
respective network adapter or interface 836. From the net-
work adapter or interface 836, computer program code for
job optimizer program module 125, and computer program
code for job sequencer program module 130 that includes
GUI 132 and job executor program module 135 are loaded
into respective computer-readable tangible storage devices
830. The network may comprise copper wires, optical fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or servers.

The set of external components 900a can include a
computer display monitor 920, a keyboard 930, and a
computer mouse input device 934. External components
900a can also include touch screens, virtual keyboards,
touch pads, pointing devices, and other human interface
devices. The set of internal components 800q also includes
device drivers 840 to interface to computer display monitor
920, keyboard 930 and computer mouse input device 934.
The device drivers 840, R/W drive or interface 832 and
network adapter or interface 836 comprise hardware and
software in which the software is stored in computer-
readable tangible storage device 830 and/or ROM 824.

It should be appreciated that FIG. 7 provides only an
illustration of one implementation and does not imply any
limitations with regard to the environments in which differ-
ent embodiments may be implemented. A variety of modi-
fications to the depicted environments may be implemented.
Moreover, a variety of modifications to the depicted envi-
ronments may be made based on design and implementation
requirements.

In accordance with the foregoing, a method, a computer
system, and a computer program product have been dis-
closed for accelerating a read stage and a write stage of an
ETL job. However, numerous modifications substitutions
can be made without deviating from the scope of an embodi-
ment of the invention. Therefore, one or more embodiments
of the invention have been disclosed by way of example and
not limitation.
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What is claimed is:

1. A computer program product for accelerating a read
stage and a write stage of an extract, transform, load job
comprising:

a computer readable hardware storage medium and pro-
gram instructions stored on the computer readable
hardware storage medium, the program instructions
comprising:

program instructions to receive a file having configuration
information that includes data that defines a plurality of
stages of at least one extract, transform, and load (ETL)
job;

program instructions to create a configuration (file,
wherein the configuration file is associated with the file,
and wherein the configuration file includes one or more
compression parameters, and wherein each compres-
sion parameter of the one or more compression param-
eters is selected from the group consisting of a com-
pressor stage or a decompressor stage;

program instructions to identify a read stage that is
preceded by a write stage within the file, wherein the
read stage reads data from a source location, and
wherein the data that is read or a modified version of
the data that is read is being written by the write stage
that writes data to the source location, and wherein the
read stage and write stage each have a first parameter
that represents a name of a stage, and wherein the first
parameter is associated with a second parameter that
represents a type of stage;

program instructions to add the identified read stage to the
configuration file;

program instructions, in response to identifying the read
stage that is preceded by the write stage within the file,
to replace the read stage, with a decompressor stage
that reads data from a hard disk, decompress the data
from the hard disk and passes the data that is decom-
pressed to another stage or to a computer program for
further processing, wherein the decompressor stage is
configured to be executed on a field-programmable gate
array (FPGA), and wherein parameters for the read
stage are a decompressor stage in the configuration file;

program instructions, in response to identifying the read
stage that is preceded by the write stage within the file,
to replace the write stage, with a compressor stage that
compresses the data, and writes the data to a hard disk,
wherein the compressor stage is configured to be
executed on the FPGA, and wherein the parameters for
the write stage are a compressor stage in the configu-
ration file;

program instructions to receive one or more first indica-
tions from a user, wherein each first indication of the
one or more first indications includes adding, modify-
ing, or deleting a first stage of the plurality of stages;

program instructions to receive one or more second
indications from the user, wherein each second indica-
tion of the one or more second indications include one
or more parameters of a second stage of the plurality of
stages in the configuration file; and

program instructions to execute the decompressor stage
and the compressor stage on the FPGA based on the
configuration file.

2. The computer program product of claim 1, wherein the
data that defines the plurality of stages is in a format that
allows for parsing of the file.

3. The computer program product of claim 2, wherein the
format is a stage name parameter that defines a name of a
stage, followed by a stage type parameter that defines types
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of operations performed by the stage, followed by a list of
filenames and additional stage information needed to
execute a stage of the at least one ETL job.

4. The computer program product of claim 1, wherein the
type of stage comprises a read stage type that is associated
with data read operations, a write stage type that is associ-
ated with data write operations, a join stage type that is
associated with database join operations, an extract stage
type that is associated with database extract operations, or a
compute stage type that is associated with data compute
operations and data comparison operations.

5. The computer program product of claim 1, wherein
identifying the read stage and the write stage is based on
parsing the file for the first parameter and the second
parameter, and utilizing the second parameter to determine
whether the stage is a read stage or write stage.

6. The computer program product of claim 1, wherein the
FPGA is programmatically customized with data compres-
sion and data decompression functionality.

7. The computer program product of claim 1, wherein the
decompressor stage comprises instructions to read the data
from the source location, decompress the data, pass the data
that is decompressed to one of: another stage ETL job or to
another computer program code for further processing.

8. The computer program product of claim 1, wherein the
compressor stage comprises instructions to read the data
from the source location, buffer the data, and write the data
to the source location.

9. A computer system for acceleration a read stage and a
write stage of an extract, transform, and load job compris-
ing:

one or more processors, one or more computer readable

memories, one or more computer readable storage
media and program instructions stored on the one or
more storage media for execution by the one or more
processors via the one or more memories, the program
instructions comprising:

program instructions to receive a file having configuration

information that includes data that defines a plurality of
stages of at least one extract, transform, and load (ETL)
job;

program instructions to create a configuration file,

wherein the configuration file is associated with the file,
and wherein the configuration file includes one or more
compression parameters, and wherein each compres-
sion parameter of the one or more compression param-
eters is selected from the group consisting of a com-
pressor stage or a decompressor stage;

program instructions to identify a read stage that is

preceded by a write stage within the file, wherein the
read stage reads data from a source location, and
wherein the data that is read or a modified version of
the data that is read is being written by the write stage
that writes data to the source location, and wherein the
read stage and write stage each have a first parameter
that represents a name of a stage, and wherein the first
parameter is associated with a second parameter that
represents a type of stage;

program instructions to add the identified read stage to the

configuration file;

program instructions, in response to identifying the read

stage that is preceded by the write stage within the file,
to replace the read stage, with a decompressor stage
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that reads data from a hard disk, decompress the data
from the hard disk and passes the data that is decom-
pressed to another stage or to a computer program for
further processing, wherein the decompressor stage is
configured to be executed on a field-programmable gate
array (FPGA), and wherein parameters for the read
stage are a decompressor stage in the configuration file;

program instructions, in response to identifying the read
stage that is preceded by the write stage within the file,
to replace the write stage, with a compressor stage that
compresses the data, and writes the data to a hard disk,
wherein the compressor stage is configured to be
executed on the FPGA, and wherein the parameters for
the write stage are a compressor stage in the configu-
ration file;
program instructions to receive one or more first indica-
tions from a user, wherein each first indication of the
one or more first indications includes adding, modify-
ing, or deleting a first stage of the plurality of stages;

program instructions to receive one or more second
indications from the user, wherein each second indica-
tion of the one or more second indications include one
or more parameters of a second stage of the plurality of
stages in the configuration file; and

program instructions to execute the decompressor stage

and the compressor stage on the FPGA based on the
configuration file.

10. The computer system of claim 9, wherein the data that
defines the plurality of stages is in a format that allows for
parsing of the one or more files.

11. The computer system of claim 10, wherein the format
is a stage name parameter that defines a name of a stage,
followed by a stage type parameter that defines types of
operations performed by the stage, followed by a list of
filenames and additional stage information needed to
execute a stage of the at least one ETL job.

12. The computer system of claim 9, wherein the type of
stage comprises a read stage type that is associated with data
read operations, a write stage type that is associated with
data write operations, a join stage type that is associated with
database join operations, an extract stage type that is asso-
ciated with database extract operations, or a compute stage
type that is associated with data compute operations and data
comparison operations.

13. The computer system of claim 9, wherein identifying
the read stage and the write stage is based on parsing the one
or more files for the first parameter and the second param-
eter, and utilizing the second parameter to determine
whether the stage is a read stage or write stage.

14. The computer system of claim 9, wherein the FPGA
is programmatically customized with data compression and
data decompression functionality.

15. The computer system of claim 9, wherein the decom-
pressor stage comprises instructions to read the data from
the source location, decompress the data, pass the data that
is decompressed to one of: another stage ETL job or to
another computer program code for further processing.

16. The computer system of claim 9, wherein the com-
pressor stage comprises instructions to read the data from
the source location, buffer the data, and write the data to the
source location.



